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I INTRODUCTION
In this paper, a systematic analysis of optimal job shop scheduling rules based on Flow Rate Control (see [2] , [l]) is presented. It contains two levels of control. At the high level, the manufacturing process is considered as a continuous flow of materials with random interruptions such as machine failures, processing time fluctuations, insufficient raw material supplies, random yield, and random demand. The production rate of each work station is determined by optimal control rules. At the lower level the detailed tracking of individual parts is considered. Taking this approach enables us to greatly reduce the dimensionality. It also permits us to apply stochastic control and optimization theories to the job shop scheduling problem. Using this methodology, the desirable controls, roughly speaking, will reduce the WIP ( Work-In-Process) as much as possible while closely following the target production and observing the machine capacity constraints in a randomly perturbed job shop environment.
Consider three WSs connected in series, producing a single part. The WSs are unreliable (for two work station case, see [3] ). They can be either up or down. When they are up, they have certain capacity limits. State equations for this system are
where ui (k is t..e number of parts loaded in unit time interval at WSi (the loading rate) at time k and d ( k ) is the planned (target) production rate at time k. Note the variable 23 is defined as the surplus-the difference between the actual production and the target production. It can be positive, meaning there is an inventory at the last stage, or negative meaning a backlog due to insufficient production exists.
The objective is to minimize the discounted, infinite-horizon cost 00 min E~P k g ( z~( k ) J z 2 ( k ) J X 3 ( k ) ) (8)
where n(a) is a polyhedron defined by ( 5 ) , (6) and (7), g(.) is a convex function of z1, 2 2 and The optimal control is determined by three surfaces S1,S2 and S3, each corresponding to the control of one WS. In other words, the 2 ' ' surface Si, i=1,2,3, ( called control surfaces) divides the entire space into two parts. In one part WSi operates at full speed ( determined by the work station capacities and the contents at the previous buffers). In the other it stops.
The optimal control for different WS states (different combinations of working and non working WSs) of the same system is shown in the next two figures. Fig. 2 shows the optimal controls when only one WS is down while Fig. 3 shows the controls when only one WS ia up.
Let us discuss several important features of Fig. 1 to 3 This single rule actually contains all the rules we observed in the last Section.
SUMMARY
In this paper we described the flow rate control model. Then, we computed the optimal control for a flow job shop. We combined our results into a single rule-the Two-Boundary-Control rule -which is sub-optimal for the flow job shop.
